The manner in which elements of clinical history, physical examination and investigations influence subjectively assessed illness severity and outcome prediction is poorly understood. This study investigates the relationship between clinician and objectively assessed illness severity and the factors influencing clinician's diagnostic confidence and illness severity rating for ventilated patients with suspected pneumonia in the intensive care unit (ICU).
disease severity and diagnostic confidence has not been formally studied despite the likely influence on treatment decisions and prognosis.
Accordingly, as part of a multicentre prospective survey of pneumonia management in ventilated patients, we sought to determine the predictive factors for ICU clinicians' confidence in diagnosing and grading pneumonia severity. Furthermore, we compared clinician determined illness severity (CDIS) to more objective scoring systems in predicting mortality.
METHODS
This study formed part of a prospective survey of Australian and New Zealand Practice in Intensive Care (ANZPIC II) for ventilated patients with pneumonia. Fourteen member ICUs of the Clinical Trials Group of the Australian and New Zealand Intensive Care Society (ANZICS-CTG) took part. Detailed methodology, definitions, statistical methods, demographics and unit descriptors are outlined in an allied paper 9 . For each episode of pneumonia, data collection included the Simplified Acute Physiologic Score (SAPS II score) 10 , clinical signs at diagnosis (modified from Pugin) 11 , Sepsis-Related Organ Failure Assessment (SOFA Score) 12 , degree of diagnostic confidence by the attending clinician (CDC: high >50% likelihood, medium 20-50% likelihood, low <20% likelihood) and clinician determined illness severity (CDIS) graded subjectively by the treating consultant (life threatening, severe, mild). Clinical signs of consolidation were defined as bronchial breathing or crackles on physical examination.
Sample Size and Statistical Methods
Sample estimation for the survey was determined for the allied investigation of diagnostic tests used in the diagnosis of pneumonia 9. Logistic regression was used to assess clinician confidence to diagnose pneumonia and pneumonia severity. Models were assessed for goodness of fit by the method of Hosmer and Lemeshow 13 . Receiver-operator characteristic curves for mortality were determined for CDIS compared to SAPS II and SOFA scores and the area under the ROC curves compared using the method of DeLong 14 .
RESULTS
Of the 14 intensive care units taking part in the study, eight were tertiary-referral and six were regional hospitals. One thousand one hundred and twenty four patients were screened. There were 476 episodes of pneumonia in 470 patients, 230 com-munity-acquired (CAP) (48%), 115 hospitalacquired (HAP) (24%) and 131 ventilator-associated (VAP) (28%). Demographic data for pneumonia admissions is summarized in Table 1 . Patient comorbidities and detailed patient characteristics are described in an allied report 9 . Table 2 details the clinical features contributing to the diagnosis of pneumonia. Diagnostic bronchoscopy was used in 26% with similar rates of use in all pneumonia types.
High clinical diagnostic confidence was reported for 57% of patients. This was greatest for CAP (64%, P=0.02. Table 1 ). Table 3 details the factors identified in univariate logistic modeling as predictive of clinician confidence of pneumonia diagnosis. Multiple logistic modeling however only found that clinical signs of consolidation on clinical examination, CDIS and isolation of a definite pathogen were predictive of high clinical diagnostic confidence ( Table 3) .
Pneumonia severity was considered "life-threatening" more commonly for CAP compared to either HAP or VAP (53% CAP, 30% HAP, 15% VAP, P<0.001. Table 1 ). Table 4 details the significant associations found in univariate modeling of pneumonia severity. CDIS was associated with admission SAPS II score ( Figure 1 ) and the SOFA score on the day of pneumonia diagnosis ( Figure 2 ). Multiple logistic regression only identified the pathogen type, SOFA score, and clinical signs of consolidation as independent risk factors for CDIS (Table 4 ). Using receiveroperating characteristics curves all assessments of disease severity were poor predictors of mortality (0.7 AUC SAPSII , 0.65 AUC SOFA , 0.6 AUC CDIS ). Only the SAPSII score was significantly different from CDIS (P<0.01). (Figure 3 ).
DISCUSSION
This study found that clinicians' confidence in their own diagnosis of pneumonia was only moderate with illness severity predicted better by objective scoring. Despite the clinical symptoms and signs of pneumonia being well described, clinicians rely on discrete factors to increase their diagnostic confidence.
There is no gold standard test for the diagnosis of pneumonia. No studies evaluate which of the published elements of diagnosis a clinician uses most, are most accurate or are predictive of outcome. Overall, in only 57% of pneumonia episodes did clinicians have a high confidence in their diagnosis, CDC being highest for CAP. The poor confidence in making a diagnosis of HAP or VAP may be due to the recognised difficulties in diagnosis 15 . This may be due to the effect of a smaller differential diagnosis. Clinician confidence increased in the presence of clinical signs of consolidation, a shift to the left in the white cell count morphology, worsening gas exchange and isolation of a definite pathogen. The CDIS, clinical signs of consolidation and isolation of a presumed definite pathogen remained independent predictors of a high CDC.
Several studies support the use of a non-invasive approach to diagnosis 11, 16 including the use of clinical scores 11, 17 . Our study did not specifically address the use of pneumonia diagnosis scores, and although not specifically calculated, the components of the Clinical Pulmonary Infection Score (CPIS) were used to describe the signs and investigations used to diagnose pneumonia 11 . Despite this, the model for diagnostic confidence highlights that only a few clinical markers of the infection are strongly influential. The CPIS 11 with the addition of non-invasive and invasive microbiological techniques does not improve the accuracy of the diagnosis 18 . Wunderink has shown that the use of clinical impression outperforms any objective criteria for VAP except for CPIS when patients are pre-selected 19 . CPIS can only be used retrospectively as microbiology culture results are required. The microbiology component was found important in the clinician's assessment of probability of pneumonia diagnosis. Clinical suspicion of pneumonia has shown good inter-observer reliability with positive likelihood ratios varying between 2.5 and 5.0 20 .
Few studies describe the accuracy of commonly used clinical parameters for pneumonia diagnosis in the ICU 18, 19 . Individual clinical parameters are best described for VAP with sensitivities between 46% and 77% and specificities between 42% and 56% 11, 19, 20, 21 . Fabregas has shown that using at least two of the criteria of leukocytosis, fever or purulent tracheobronchial secretions had a 75% specificity and sensitivity of 69% 18, 22 . When all three criteria were present, the specificity increased to 92% but the sensitivity fell to 23%. Our study showed that these signs were not predictive of a clinician's confidence in the diagnosis of pneumonia.
The clinical factors associated with severe pneumonia are well described in various guidelines and include extremes of age, presence of comorbid disease, altered mental status, circulatory shock, significant hypoxaemia, temperatures greater than 40°C or less than 35°C, tachycardia >125 per minute in adults, acidosis, renal dysfunction, hyponatraemia, hyperglycaemia, anaemia and the presence of a pleural effusion 1, 2, 5 . Few have been prospectively vali-dated and no studies have assessed the variables most used by clinicians 23 . It is interesting to examine the degree of severity of pneumonia within the ICU as most guidelines suggest that admission to ICU is an essential determinant of severity. The admission to ICU is however not only influenced by illness severity but also such issues as bed availability, the presence of comorbid disease, patient wishes, quality of life and the presence of other resources in the hospital to care for these patients. In our study, the independent predictors of the ICU clinician's perception of lifethreatening pneumonia were the SOFA score, worsening gas exchange, consolidation, SAPS II score, isolation of a defined pathogen and a history of pre-existing respiratory failure. Ewig evaluated the utility of the American Thoracic Society criteria in predicting outcome in CAP 6 . This study did not record the CDIS. In multivariate analysis, only the presence of shock and the need for mechanical ventilation, independently predicted mortality. The American Thoracic Society criteria for severity were sensitive but not specific for the prediction of ICU admission but gave no insight into what clinicians perceive as severity indicators once in the ICU.
The assessment of illness severity at the time of admission is important to the planning of initial therapy and guiding decisions related to prognosis. There is not regular use of objective mortality scores to assess risk at the time of ICU admission. Such scores are usually calculated after specified times and are not designed to predict outcomes in individual patients. However, a clinical impression of disease severity is required for the assessment of the need for ICU admission. Despite this subjective impression of disease severity not performing as well as objective scores commonly used in the ICU, all scores used only performed within a predictive range of 0.6 to 0.7. This is in a similar range to the performance of the Pneumonia Severity Index 5 . The use of objective measured of illness severity in ICU patients has not proven consistent or superior to CDIS 24, 25, 26 except perhaps at intermediate risks for death 27 . CDIS was assessed for pneumonia only, whereas the objective SOFA and SAPS II scores may have included concurrent illness contribution to mortality. Interestingly, the severity of pneumonia assessment for all pneumonias was similar to the SAPS II score on admission.
Study Strengths and Weaknesses
A rigorous diagnosis of pneumonia was not made as most units used non-invasive diagnostic methods and the application of strict clinical criteria would increase diagnostic specificity at the expense of sensitivity. A critique of the study methodology is published in an allied report 9 . As this study investigated CDC and CDIS, the clinician determined diagnosis was most relevant. Inclusion of CAP, HAP and VAP concurrently allowed comparisons of CDIS and CDC for the different pneumonia types. Although there are differing experiences of consultants, the inclusion of patients diagnosed as pneumonia only by the attending consultants and recording their impressions of illness severity and confidence would limit the variability compared to including the impressions of more junior medical staff 27 .
CONCLUSIONS
Clinician confidence for pneumonia diagnosis in ventilated patients is moderate. Despite this, clinicians only use a limited number of variables in diagnostic decision making, placing importance on clinical examination findings, clinical illness severity assessment and the isolation of a perceived pathogen. Subjective assessments of pneumonia severity do not perform well with only moderate improvement when using objective measures. All such measures should be used with caution and a clear understanding of their limitations.
